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(54) Silencer for two-stroke engines containing a catalytic device and catalytic device therefor 


(57) The present invention concerns a silencer for 
two-stroke engines containing a catalytic device (60). 
The catalytic device (60) is of the form of a catalytically 
coated perforated tube (61) which is inserted into the 
exhaust pipe (20) from the outlet end of the pipe which 


is located within the silencer housing (50). This arrange- 
ment allows retrofitting the catalytic device (60) to al- 
ready existing exhaust systems of tuk-tuk vehicles and 
thereby offers a high potential for pollutant reduction 
from the current fleet of tuk-tuk vehicles. 
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Description 

[0001] The present invention concerns a silencer for 
two-stroke engines containing a catalytic device. 
[0002] Two-stroke engines emit a high amount of hy- 
drocarbons due to incomplete combustion of fuel and 
lubricating oil added in certain proportions to the fuel. 
Two-stroke engines therefore contribute a higher pro- 
portion to overall air pollution than would be expected 
from the power rating of the engines. Improvements in 
exhaust gas cleaning of such engines is therefore man- 
datory. 

[0003] Two-stroke engines are widely used in low 
power applications such as power saws, motor boats, 
lawn mowers, motor cycles (two-wheelers), and so- 
called tuk-tuk vehicles (three-wheelers). The vast ma- 
jority of these vehicles are only equipped with a silencer 
consisting generally of the exhaust pipe extending into 
a coaxially aligned silencer housing. The silencer hous- 
ing comprises a metal cylinder filled with sound absorb- 
ing mats. The exhaust pipe being perforated within the 
region of the silencer housing so that the exhaust gas 
pulsations may enter the annular space between the ex- 
haust pipe and the housing. Most often, the silencer 
housing consists of a metal tube being fixed between 
two flange plates. 

[0004] , There have been made many proposals for 
catalytic cleaning the exhaust gas of these engines. For 
example, EP 0431405 Bl describes an exhaust gas pu- 
rification system for two-stroke engines comprising an 
outer tube and, arranged therein, a perforated inner 
tube, that is coated on one or both sides with a catalyt- 
ically active coating. Between both tubes a gap is 
formed. This arrangement may be part of the exhaust 
pipe or part of an expansion chamber. It is capable of 
reducing carbon monoxide (CO) and hydrocarbon (HC) 
in the exhaust gas by 30 to 60%. The conversion rates 
can be further improved by using the tubular catalyst as 
pre-catalyst for a main catalyst arranged downstream in 
the exhaust pipe. 

[0005] EP 0473081 A1 describes an exhaust gas pu- 
rifying device in which an exhaust gas from an exhaust 
port of an engine is purified by a catalyst plate means 
provided with a catalyst. The catalyst plate is disposed 
in a cylindrical muffler which forms part of an exhaust 
pipe section connected to the engine exhaust gas port. 
The catalyst plate is disposed so as to extend through- 
out a longitudinal direction of the exhaust pipe section 
at substantially a diametrically central portion in cross 
section of the exhaust pipe section. 
[0006] The known solutions for exhaust gas cleaning 
devices of two-stroke engines are only suitable for being 
equipped as original and integrated parts to newly man- 
ufactured two-stroke engines. The known exhaust gas 
cleaning devices are not suitable for being retrofitted to 
the exhaust systems of millions of existing motorcycles 
and tuk-tuk vehicles thus leaving the exhaust gas of 
these vehicles uncleaned. Moreover, if the catalyst has 


lost its activity due to overheating and poisoning by base 
metals, the whole exhaust gas cleaning system of the 
vehicle has to be exchanged. This is highly costly. 
[0007] The present invention is directed to solve these 
5 problems of the prior art by providing a silencer for two- 
stroke engines containing a catalytic device which is 
very cost effective and which allows for easy and quick 
exchange of the catalytic device. Moreover, existing si- 
lencers of tuk-tuk vehicles can be easily converted into 
10 silencers according to the invention by retrofitting the 
catalytic device to them. 

[0008] The above-mentioned objects are solved by a 
silencer for two-stroke engines containing acatatyticde- 
vice, the silencer comprising: 

a) an elongated silencer housing (50) having a front 
end and an exit plane (52), 

b) an exhaust pipe (20) extending with its outlet end 
into said silencer housing from said front end and 
having at its outlet end a terminal flange (22), said 
terminal flange being recessed with respect to said 
end plane (52) and the portion of the exhaust pipe 
inside the silencer housing having perforations (24), 

c) a discharge unit (40) comprising an outlet plate 
(41) and a tailpipe (42) so as to allow for the dis- 
charge of the exhaust gas, 

the end plane (52) of said housing being closed by said 
discharge unit by fastening its outlet plate to said termi- 
nal flange (22) in a removable manner thereby pressing 
said outlet plate against the circumferential rim of said 
silencer housing. 

[0009] The silencer is characterised in that the silenc- 
er further contains a catalytic device (60) comprising a 
cylindrical monolithic carrier coated with a catalytic coat- 
ing and said carrier having a mounting flange (62) fixed 
thereto, said mounting flange being exchangeably se- 
cured to said terminal flange of the exhaust pipe, so as 
to allow an easy and quick replacement of said catalytic 
device. 

[0010] For improving the sound deadening property 
of the silencer the sound deadening space between the 
ilencer housing and the exhaust pipe may be filled with 
sound absorbing mat. 

1011] The advantages of the proposed silencer are 
le following: 

easy retrofitting of the catalytic device to already ex- 
isting exhaust systems of tuk-tuk vehicles to trans- 
form their silencers to silencers according to the in- 
vention, thereby offering a high potential for fast re- 
duction of pollutants from the current fleet of tuk-tuk 
vehicles; 

fast replacement of the catalytic device in case of 
fatal damage to the catalytic coating; 
• reduced fouling of the perforated zone of the ex- 
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haust pipe and of the sound absorbing mat due to 
effective conversion of lubrication oils and fuel hy- 
drocarbons contained in the exhaust gas and there- 
by lengthening the maintenance interval for these 
mats; 

• minimum influence of the inserted catalytic device 
on the back pressure generated by the silencer; 

• very cost effective. 

[001 2] Some specific embodiments of the silencer will 
now be described with reference to figures 1 to 8 to fur- 
ther elucidate the present invention. 

Figure 1 : is a side schematic view of an exhaust 
gas cleaning system of a two-stroke 
engine. 

Figure 2: is a side sectioned view of the silencer 
according to the invention 

Figure 3: is a side sectioned view of the exhaust 
pipe 

Figure 4: is a side sectioned view of the silencer 
housing 

Figure 5 a): is a side sectioned view of the first em- 
bodiment of the catalytic device for 
cleaning the exhaust gas from pollut- 
ants 

Figure 5 b): is a front view onto the mounting 
flange of the catalytic device 

Figure 6 a): is a side sectioned view of the dis- 
charge unit of the silencer 

Figure 6 b): is a front view onto the outlet plate of 
the discharge unit 

Figure 7: alternative catalytic device according 
to the first embodiment of the inven- 
tion 

Figure 8 a): is a side sectioned view of the second 
embodiment of the catalytic device for 
cleaning the exhaust gas from pollut- 
ants 

Figure 8 b): is a front view onto the mounting 
flange of the catalytic device 

[001 3] Figure 1 is a side schematic view of an exhaust 
gas system of a two-stroke engine (10). The exhaust 
gas of the engine is discharged into the exhaust pipe 
(20) and is then flowing through the silencer (30). From 
the silencer the exhaust gas is discharged to the atmos- 
phere via tail pipe (42). 
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[0014] The silencer of the present invention is based 
on existing exhaust gas systems of tuk-tuk vehicles. 
[0015] Figure 2 is a side sectioned view of a specific 
embodiment of the silencer of the present invention 
wherein the silencer housing is a simple tube clamped 
between two plates and filled with sound absorbing mats 
in the space between the exhaust pipe and the silencer 
housing. The silencer is assembled from four individual 
sub-systems: 

• the exhaust pipe (20), 

• the silencer housing (50), 

• the catalytic device (60), and 

• discharge unit (40). 

[0016] Figures 3 to 7 are provided for showing these 
sub-systems in detail. Referring now to figure 3, there 
is shown a side sectioned view of part of the exhaust 
pipe (20). The exhaust pipe has an inlet end, not shown 
here, and an outlet end (23). The exhaust gas is flowing 
through this pipe from the inlet to the outlet end. Fixed 
to the outlet end of the exhaust pipe is a terminal flange 
(22). 

[0017] The part of the exhaust pipe shown in figure 3 
is an elongated straight portion of the exhaust pipe up- 
stream from its outlet end. The exhaust pipe has an ad- 
ditional flange (21) fixed to the exhaust pipe upstream 
of the terminal flange but downstream from the inlet end . 
The diameter of the terminal flange is smaller than that 
of the upstream flange (21 ) so that it fits into the silencer 
housing. The flanges may be fixed to the exhaust pipe 
by any suitable means such as welding or soldering. The 
portion of the exhaust pipe between the upstream flange 
and terminal flange has perforations (24) distributed 
over its jacket surface. 

[0018] In figure 4 there is shown a side sectioned view 
of the silencer housing (50). The silencer housing has 
the form of an elongated tube. In this specific embodi- 
ment both, the front end plane (51) and exit plane (52) 
of the tube are open. The cross section of the silencer 
tube being of any convenient shape, preferably circular. 
The cross sections of the upstream flange (21) and of 
the outlet plate (41 ) of discharge unit (40) shown in fig- 
ure 6 correspond to the cross section of the silencer 
housing but are slightly larger so as to allow the silencer 
housing being clamped between the upstream flange 
and the outlet plate of the discharge unit in a gas-tight 
manner. 

[0019] In the assembled state the outlet end (23) of 
the exhaust pipe with terminal flange (22) is located 
within the silencer housing. The terminal flange lies par- 
allel to the end plane (52) of the silencer housing but is 
recessed to it to accommodate the mounting flange (62) 
of the catalytic device (60) shown in figure 5 a) in the 
space formed between terminal flange (22) of the ex- 
haust pipe and outlet plate (41) of discharge unit (40). 
[0020] For clamping the silencer housing between the 
upstream flange and the outlet plate of the discharge 
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unit the terminal flange (22) of the exhaust pipe may be 
equipped with bores through which threaded bolts (25) 
are extending outwardly of the silencer housing. Prefer- 
ably only two threaded bolts are fixed to terminal flange 
(22). But depending on the required rigidity of the silenc- 
er three or more threaded bolts may be provided. 
[0021 ] Figure 5 a) and b) show details of one embod- 
iment of the catalytic device according to the invention. 
The catalytic device of figure 5 is a monolithic catalyst 
comprising a perforated or punched tube (61 ) with per- 
forations (64) which has an outer diameter less than the 
inner diameter of the exhaust pipe and is equipped with 
a mounting flange (62) which corresponds to the termi- 
nal flange (22) of the exhaust pipe. In the embodiment 
of the catalytic device shown in figure 5 the mounting 
flange (62) is fixed flush with the outlet end (65) of the 
perforated tube. 

[0022] The mounting flange (62) has through bores 
(63) which correspond to the threaded bolts of terminal 
flange (22). The perforated tube of the catalytic device 
is coated on one or both sides with a suitable catalyst 
for converting the pollutants contained in the exhaust 
gas into harmless substances. 
[0023] Figure 6 a) and b) show a side sectioned view 
of the discharge unit (40) comprising an outlet plate (41 ) 
and a tail pipe (42) fixed thereto. The form of the outlet 
plate corresponds to the cross section of the silencer 
housing so that the silencer housing can be closed with 
this outlet plate in a gas-tight manner. For discharge of 
the exhaust gas the outlet plate is provided with tail pipe 
(42). 

[0024] Through bores (43) are provided in the outlet 
plate to accommodate the threaded bolts of flange plate 

(22). 

[0025] Returning now to figure 2, the cooperation of 
the four sub-systems will be described in more detail. 
As shown in figure 2, the perforated tube of the catalytic 
device (60) is inserted into the exhaust pipe from the 
side of terminal flange (22) until its mounting flange (62) 
rests on terminal flange (22) while the threaded bolts 
extend through the through bores (63) of mounting 
flange (62). The mounting flange may be fixed ex- 
changeably to the terminal flange by fastening nuts (80) 
onto the threaded bolts. 

[0026] The silencer housing (50) is clamped between 
upstream flange (21) and outlet plate (41) in a gas tight 
manner by fastening nuts (90) onto the threaded bolts. 
[0027] The space (70) formed between exhaust pipe 
and silencer housing may be filled with a sound absorb- 
ing mat. For the sake of clarity this mat is not shown in 
figure 2. The sound carried with the exhaust gas enters 
the sound absorbing mats through the perforations (24) 
of the exhaust pipe and gets absorbed by the mat. 
[0028] The catalytic device is an important part of the 
silencer. Several embodiments will be described in the 
following. 

[0029] The catalytic device comprises a cylindrical 
monolithic carrier coated with a catalytic coating. Said 


monolithic carrier comprises a cylindrical axis, a jacket 
surface and an entrance and an exit plane for the ex- 
haust gas. This carrier is exchangeably mounted to the 
silencer. For that purpose a mounting flange oriented 

5 perpendicular to the cylinder axis of the monolithic car- 
rier is fixed to its jacket surface. 
[0030] In a first embodiment which has already been 
discussed with respect to figure 5, the monolithic carrier 
is comprised of a perforated or punched tube coated 

io with a catalyst and having an outer diameter less than 
the inner diameter of the exhaust pipe. This perforated 
tube may extend from the terminal flange of the exhaust 
pipe in an upstream direction into the exhaust pipe (see 
figure 2). It may also extend from the terminal flange in 

is a downstream direction into the tail pipe of the discharge 
unit. According to figure 7 it is also possible to have the 
perforated tube extending both ways from the mounting 
flange (62) in an upstream and a downstream direction. 
[0031] Exhaust gas cleaning is effected by contact 

20 with the catalytic coating of the catalytic device. The per- 
forations may be of any convenient cross section. Ttiey 
serve to enhance the turbulence of the gas flow and thus 
the contact of the gas with the catalytic coating. To fur- 
ther improve this function the perforations may have 

25 protrusions above or below the jacket surface of the 
tube . The perforations also allow exhaust gas exchange 
with the annular sound deadening space between the 
silencer housing and the exhaust pipe so as to not dis- 
turb the silencing function of the silencer too much by 

30 the catalytic device. 

[0032] The length of the perforated tube of the cata- 
lytic device may be determined according to the desired 
degree of pollutants conversion. The perforations may 
be restricted to certain zones of the tube. These zones 

35 should lie within those ranges of the exhaust pipe which 
have perforations, too, in order to allow gas exchange 
with the sound deadening space between the exhaust 
pipe and the silencer housing. 
[0033] The total hole area of the perforations may oc- 

40 cupy 1 0 to 80% of the jacket surface of the tube. Below 
10%, the catalytic device influences the silencing func- 
tion of the silencer too much. Above 80% the remaining 
jacket surface with the catalytic coating thereon is too 
small to yield an efficient exhaust gas cleaning. Perfo- 

45 rations with circular cross section having a diameter of 
3 mm and a pitch distance of 6 mm and perforations with 
a diameter of 2 mm and a pitch of 3.5 mm have given 
sufficient pollutants reduction in the emissions of two- 
stroke engines. 

50 [0034] According to a second embodiment of the cat- 
alytic device the monolithic carrier is comprised of a hon- 
eycomb type body (66) as shown in figure 8 carrying a 
catalyst coating thereon. Again, the honeycomb carrier 
may extend from the terminal flange plate upstream or 

55 downstream or both ways into the exhaust pipe or tail 
pipe. This requires the outer diameter of the monolithic 
carrier to be smaller than the inner diameter of the ex- 
haust pipe or of the tail pipe. Most preferably these hon- 
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eycomb carriers may be located in the space between 
the terminal flange plate and the outlet plate of the dis- 
charge unit rather than extending into the exhaust pipe. 
[0035] Honeycomb type monolithic catalyst carriers 
are conventional in the exhaust gas cleaning of four- 
stroke engines. They may be manufactured by extrusion 
of ceramic materials or from thin corrugated metal foils 
as is well known in the art. Such honeycomb structures 
have a plurality of parallel flow ducts for the exhaust gas 
extending from its entrance face to its exit face. The 
number of flow ducts per unit cross section of the hon- 
eycomb body is called cell density. Typical cell densities 
of such honeycomb carriers range between 1 0 and 200 
cm* 2 . To keep the back pressure exerted on the exhaust 
gas flow as low as possible cell densities below 62 cnr 2 
are recommended for the silencer of the present inven- 
tion. To further reduce the back pressure the honey- 
comb carriers may be provided with a central bore of a 
suitable diameter. The diameter of the bore may be as 
large so that only one layer of flow ducts remain at the 
periphery of the monolithic catalytic device. 
[0036] Due to their larger geometrical surface area 
the length of the honeycomb carriers may be much less 
than that of the perforated tube type catalytic device. 
[0037] The monolithic carriers described above are 
coated with a suitable catalytic coating for effecting pol- 
lutants conversion. In case of the honeycomb carriers 
the walls of the flow ducts are coated with the catalyst. 
The techniques for coating honeycomb carriers are well 
known to the expert. A typical catalytic coating for clean- 
ing the exhaust gas of two-stroke engines will consist of 
a mixture of alumina and ceria containing platinum and 
rhodium in a mass ratio of 1:1 to 20:1. The mass ratio 
of alumina to ceria may range between 70:30 to 40:60. 
Alumina and ceria may be stabilized against thermal 
degradation in a known manner by doping them with sta- 
bilizers selected from zirconia, baria and lanthana or 
mixtures therefrom. The concentration of the catalytic 
coating on the catalytic tube preferably is chosen be- 
tween 0,5 and 5 grams per square meter of tube surface. 
Hydrocarbon conversion from 30 to 70% can be 
achieved with such a coating. 
[0038] Retrofitting or exchange of a spent catalytic de- 
vices can be done in the following way: 

• at first, unscrew nuts (90) of screw bolts (25), 

• tear off discharge unit (40) and silencer housing 
(50), 

• if present, unscrew nuts (80) to remove the spent 
catalytic device (60), 

• if necessary, exchange the spent sound absorbing 
mat, 

• insert the new catalytic device into the outlet pipe 
(20) and fix its mounting flange to the terminal 
flange of the exhaust pipe by fastening nuts (80), 

• slide the silencer housing (50) over the sound ab- 
sorbing mat, 

• reassemble discharge unit (40) 


• fix the silencer housing by fastening nuts (90) onto 
the threaded bolts (25). 


5 Claims 

1 . Silencer for two-stroke engines.containing a cata- 
lytic device, the silencer comprising: 

io a) an elongated silencer housing (50) having a 

front end and an exit plane (52), 

b) an exhaust pipe (20) extending with its outlet 
end into said silencer housing from said front 
end and having at its outlet end a terminal 

15 flange (22) , said terminal flange being recessed 

with respect to said end plane (52) and the por- 
tion of the exhaust pipe inside the silencer 
housing having perforations (24), 

c) a discharge unit (40) comprising an outlet 
plate (41 ) and a tail pipe (42) so as to allow for 
the discharge of the exhaust gas, 

the end plane (52) of said housing being closed by 
said discharge unit by fastening its outlet plate to 
said terminal flange (22) in a removable manner 
thereby pressing said outlet plate against the cir- 
cumferential rim of said silencer housing, 
characterised in that, 

the silencer further contains a catalytic device (60) 
comprising a cylindrical monolithic carrier coated 
with a catalytic coating and said carrier having a 
mounting flange (62) fixed thereto, said mounting 
flange being exchangeably secured to said terminal 
flange of the exhaust pipe, so as to allow an easy 
and quick replacement of said catalytic device. 

2. Silencer according to claim 1 , 
characterized in that said monolithic carrier is com- 
prised of a perforated tube (61 ) with a catalyst coat- 
ing thereon having an outer diameter less than the 
inner diameter of said exhaust pipe (20) and ex- 
tending into said exhaust pipe. 

3. Silencer according to claim 1 , 
characterized in that said monolithic carrier is com- 
prised of a honeycomb type cylinder (66) with a cat- 
alyst coating thereon having an outer diameter less 
than the inner diameter of said exhaust pipe and 
extending upstream of said second flange plate (22) 
into said exhaust pipe (20). 

4. Silencer according to claim 1 , 
characterized in that said monolithic carrier is com- 
prised of a honeycomb type cylinder (66) with a cat- 
alyst coating thereon having an outer diameter less 
than the inner diameter of said tail pipe and extend- 
ing downstream of said third flange plate (63) into 
said tail pipe (42). 
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5. Silencer according to claim 3 or 4, 
characterized in that said honeycomb type cylinder 
has a central bore. 

6. Silencer according to anyone of the preceding s 
claims, 

characterized in that the space formed between 
said exhaust pipe and said silencer housing being 
filled with a sound absorbing mat. 

10 

7. Use of the silencer according to claim 6 for cleaning 
the exhaust gas and reducing noise emitted by two- 
stroke engines. 

8. Exchangeable catalytic device for cleaning the ex- is 
haust gas of two-stroke engines comprising a cylin- 
drical monolithic carrier coated with a catalytic coat- 
ing said monolithic carrier comprising a cylinder ax- 
is and a jacket surface and an entrance and an exit 
plane for the exhaust gas, 2 ° 
characterised in that, 

a mounting flange oriented perpendicular to the cyl- 
inder axis is fixed to said jacket surface. 

9. Exchangeable catalytic device according to claim 8, 25 
characterised in that, 

said mounting flange is fixed to the jacket surface 
flush to said entrance or exit plane. 

10. Exchangeable catalytic device according to claim 8, 30 
characterised in that, 

said mounting flange is fixed to the jacket surface 
at a position between said entrance or exit plane. 

11. Exchangeable catalytic device according to anyone 35 
of claims 8 to 10, 

characterised in that, 

said monolithic carrier comprises an elongated tube 
having perforations. 

40 

1 2. Exchangeable catalytic device according to anyone 
of claims 8 to 10, 

characterised in that, 

said monolithic carrier comprises a ceramic or met- 
al honeycomb body. 45 

13. Exchangeable catalytic device according to anyone 
of claims 8 to 10, 

characterised in that, 

said honeycomb body has a central bore. so 
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